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Motivation – Wigner function 

1932 –  Eugene Wigner 
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wave function Wigner function 



1994 – St. Mrówczyński & B. Müller 
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)(x  – time-independent scalar field in Schrödinger picture 

Motivation – bosonic Wigner functional 
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scalar quantum field Wigner functional 

   2/)(ˆ2/),,( uxtuxedupxtW ipu  x   – position eigenstate 



Motivation – bosonic Wigner functional 
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],,[ tW  – density in phase-space spanned by &
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Motivation – bosonic Wigner functional 

 Semiclassical equation of motion 
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 Liouville’s equation 
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Motivation – bosonic Wigner functional 

Free field in thermal equilibrium 
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Motivation – bosonic Wigner functional 

 Simple application – rollover phase transition   
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Definition of fermionic Wigner functional 
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Simple example 
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Harmonic oscillator in a ground state 
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Fermionic Wigner functional 
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Example of computation 
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Example of computation cont. 
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Example of computation cont. 
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Fermionic Wigner functional 

 Equation of motion 
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Exact equation of motion is of the Liouville form 
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Conclusions 

Although bosonic and fermionic fields are very different,  
the Wigner functionals have very similar properties. 

For more: St. Mrówczyński, Physical Review D 87, 065026 (2013) 


